Objective. To examine the effects of communicating uncertainty regarding individualized colorectal cancer risk estimates and to identify factors that influence these effects. Methods. Two Web-based experiments were conducted, in which adults aged 40 years and older were provided with hypothetical individualized colorectal cancer risk estimates differing in the extent and representation of expressed uncertainty. The uncertainty consisted of imprecision (otherwise known as ''ambiguity'') of the risk estimates and was communicated using different representations of confidence intervals. Experiment 1 (n = 240) tested the effects of ambiguity (confidence interval v. point estimate) and representational format (textual v. visual) on cancer risk perceptions and worry. Potential effect modifiers, including personality type (optimism), numeracy, and the information's perceived credibility, were examined, along with the influence of communicating uncertainty on responses to comparative risk information. Experiment 2 (n = 135) tested enhanced representations of ambiguity that incorporated supplemental textual and visual depictions. Results. Communicating uncertainty led to heightened cancer-related worry in participants, exemplifying the phenomenon of ''ambiguity aversion.'' This effect was moderated by representational format and dispositional optimism; textual (v. visual) format and low (v. high) optimism were associated with greater ambiguity aversion. However, when enhanced representations were used to communicate uncertainty, textual and visual formats showed similar effects. Both the communication of uncertainty and use of the visual format diminished the influence of comparative risk information on risk perceptions. Conclusions. The communication of uncertainty regarding cancer risk estimates has complex effects, which include heightening cancer-related worryconsistent with ambiguity aversion-and diminishing the influence of comparative risk information on risk perceptions. These responses are influenced by representational format and personality type, and the influence of format appears to be modifiable and content dependent.
D isease risk prediction models have grown in visibility and importance in recent years, as their number has increased and their use has expanded beyond the domain of research. 1;2 Risk prediction models for several diseases are now being made available not only to health professionals but to patients in clinical settings and laypersons on the Internet, in efforts to facilitate individualized and informed medical decision making and to educate the public. 3;4 This expanding use is promising but also raises important concerns because the optimal methods and outcomes of communicating individualized disease risk information have yet to be defined. A critical issue in this regard is the communication of the uncertainty associated with all risk estimates and arising from several sources, including methodological limitations 5;6 and theoretical difficulties in applying aggregate-level risk information to the individual case. 7 These uncertainties can be expressed in different ways (e.g., quantitatively, using confidence intervals) and are important to communicate, given the need for patients to understand the limitations of available information to make informed choices. Yet these uncertainties are often not communicated and are poorly understood by laypersons and patients. 8À10 The communication of uncertainty is also problematic because it may have undesirable effects. Past research has shown that the communication of uncertainty about the reliability, credibility, or adequacy of risk information-a type of uncertainty that decision theorists have termed ambiguity 11 -leads to various outcomes, including heightened risk perceptions and negative affective responses (e.g., worry, distress) related to choice outcomes and avoidance of decision making in situations involving choice. 10 ;12À14 This phenomenon, known as ''ambiguity aversion,'' has been demonstrated in various risk communication domains; for example, the communication of ambiguity regarding disease risk estimates has been shown to increase risk perceptions. 15À18 Yet ambiguity aversion is not a universal phenomenon. For a significant minority of people, the communication of ambiguity may either have no effect or lead to diminished rather than heightened risk perceptions and greater rather than less engagement in decision making. 13;19 The reasons for these differences, however, have only begun to be elucidated. In an initial qualitative study of laypersons' responses to imprecision in colorectal cancer risk estimates from a recently developed statistical model, 9;20;21 we identified dispositional optimism, an individual personality factor, as a potential moderating variable having the effect of diminishing ambiguity aversion ( Figure 1 ). We also identified the perceived credibility of risk estimates as a potential mediator of the effect of ambiguity on risk perceptions and worry. 9 Yet ambiguity aversion may also be influenced by various other factors, including numeracy-people's ability to understand and use numbers 22 -and the way in which ambiguity is communicated. For example, representing risk visually v. textually may heighten risk perceptions and affective responses to risk information, 23À28 possibly by drawing attention to specific aspects of risk information 25;28 or directly evoking affective responses. 27 Visual representations may similarly alter responses to ambiguity, although the few studies exploring the visual communication of uncertainty have not examined its effects on ambiguity aversion. 26 ;29À31 Furthermore, communicating uncertainty and ambiguity may influence responses to other important types of risk information. For example, estimates of comparative risk-relative to the population average-are often communicated to help people contextualize risks. 20;32;33 However, such information can bias people's responses (e.g., causing people with low absolute risks to be unduly alarmed if their risks are higher than average). 34 An important unanswered question is whether such responses might be influenced by communicating uncertainty.
In this article, we report the findings of 2 Webbased experiments aimed at exploring the potential effects of communicating uncertainty and the factors that influence these effects. Focusing on ambiguity manifest by imprecision in estimates of individualized colorectal cancer risk, we sought to test the following hypotheses suggested by past work: Our study also aimed to explore 1) the effect of communicating uncertainty on people's responses to comparative risk information and 2) the effect of novel visual and textual representations of uncertainty.
METHODS
The study consisted of 2 experiments conducted using an interactive Web-based survey. Experiment 1 tested our 3 hypotheses regarding the presence of ambiguity aversion and its moderating and mediating factors and also explored the influence of comparative risk information. Experiment 2 was designed to compare the effects of different textual and visual representations of ambiguity.
Study Population and Participants
Experiment 1 was conducted in November 2008, and experiment 2 was conducted in March 2009. Participants in both experiments were drawn from a professionally managed Web survey panel maintained by Keynote Systems, Inc., and had experience and interest in completing online surveys both related and unrelated to health. Participants received compensation in the form of ''points'' from the panel administrator, which could be accumulated and used for online purchases with select vendors. Eligibility criteria for the current study included age ≥ 40 years and no prior history of colon cancer. Participants were recruited by e-mail invitation, and those who agreed and met eligibility criteria were randomly assigned to a single study condition and e-mailed a link to a Web-based survey corresponding to the experimental condition. We prespecified a target sociodemographic mix of equal men and women and varying race/ethnicity ( ≥ 15% nonwhite/Caucasian) and education level ( ≥ 30% high school diploma or less) in each experimental condition; no other randomization procedures were used. Recruitment continued until target sample sizes and sociodemographic parameters were reached. The samples for each experiment were drawn separately and were independent of one another; panelists who participated in the first experiment were not eligible and not invited to participate in the second.
Study Design
After accessing the survey Web site, all participants were briefed on the NCI Colorectal Cancer Risk Assessment Tool, 21 describing how the tool is simple to use and calculates a person's lifetime risk of colorectal cancer based on questions about lifestyle and medical and family history. Participants in each experiment were then asked to imagine they used the tool and received results that were then displayed, corresponding to their assigned experimental group, and then completed the measures described below. We used hypothetical rather than subjects' actual colorectal risk cancer estimates, given the lack of knowledge of the potentially adverse effects of doing so, which motivated the current study. Experiment 1 used a 2 × 2 × 2 experimental design ( Figure 2A ) in which ambiguity and representational format were varied between subjects, and the provision of comparative risk information was varied within subjects. The between-subject ambiguity conditions were ''absent'' and ''present'' and were operationalized by communicating a hypothetical colorectal cancer risk estimate as either a point estimate (''Your chances of developing colon cancer in your lifetime are 9%'') or a range (''Your chances of developing colon cancer in your lifetime are between 5% and 13%''), respectively. The between-subject representational format conditions were textual and visual; the visual representations of the risk estimates consisted of horizontal bar graphs, shown in Appendix A. These particular estimates and representational formats resembled those used in our previous qualitative study 9;20 ; the visual displays used bar graphs with solid borders to depict point estimates and confidence intervals. Following presentation of the individualized risk estimate, participants completed measures (described below) of perceived colon cancer risk and worry and the perceived credibility of the risk information.
Next, we provided all participants with comparative risk information consisting of the population average estimate: ''The average person's lifetime chances of developing colon cancer are 6%.'' For the high-ambiguity condition, the average risk was represented in terms of a range, ''2%-10%.'' Notably, the individual's hypothetical estimates were higher than these population average estimates. This information was represented either textually or graphically and disclosed only after provision of the individual risk estimate, thus yielding 2 withinsubjects conditions (to which all participants were exposed): pre-and postcomparative risk information. Participants then completed the perceived risk worry and credibility measures, along with additional measures of dispositional optimism and numeracy. These latter 2 measures were administered at the end of the survey after all other items to minimize any priming influence on participants' responses to the risk information; the inverse influence of risk information on responses to the dispositional optimism and numeracy measures is less likely given that the latter measures reliably ascertain a theoretically stable individual personality trait and ability, respectively. Experiment 2 used a 3-group experimental design ( Figure 2B ) in which newly developed, enhanced textual and visual representational formats to communicate ambiguity were varied between subjects, with 3 conditions testing these representations alone and in combination: 1) text only, 2) integrated text + solid bar graph range, and 3) integrated text + blurred bar graph range (Appendix B). We did not test a visualonly condition given our interest in evaluating formats that would likely be used in real-world applications.
The enhanced textual representation aimed at more explicitly emphasizing and describing the meaning of imprecision and uncertainty in risk predictions, whereas the enhanced visual representation depicted a confidence interval using a bar graph, but adding blurred edges to reinforce the presence of ambiguity and the concept that probability distributions lack firm, categorical boundaries. We chose these new representations after conducting extensive cognitive testing of alternative designs, including animated dynamic displays of imprecision using bar graphs and icon arrays, with 9 volunteer laypersons residing in the greater Washington, DC, metropolitan area. These participants were recruited through a local professional recruitment firm using a database of potential research participants in the area. Participants were aged 40 years and older; had no personal history of colon cancer; used the Internet for more than 2 hours a week for purposes other than to check e-mail; used a personal computer to respond to an online survey in the past 6 months; had never been employed in the medical advertising, computer, Internet, statistical, or mathematical fields; and had a high school or greater education level. We used participants' feedback to select the textual and visual formats that best conveyed the concept of ambiguity.
As in the first experiment, participants were shown the textual ± visual representation to which they were randomized and then completed measures of perceived colon cancer risk and worry, perceived credibility of the risk information, and dispositional optimism and numeracy; the latter 2 measures again represented the final items of the survey.
Measures
Perceived cancer risk was measured using 2 items (a = :723). The first item was adapted from the Health Information National Trends Survey (HINTS) administered by the National Cancer Institute and read, ''Based on these results from the computer program, how would you describe your chances of developing colon cancer in your lifetime? Would you say your chances of getting colon cancer are. . . .'' A 5-point Likert-type response scale was used, with the endpoints labeled very low and very high. The second item was adapted from Cameron and others 35 and read, ''If I received these results, I would feel that I'm going to get colon cancer.'' A 5-point Likert-type response scale was used, with the endpoints labeled strongly disagree and strongly agree. Responses to these 2 items were averaged.
Cancer-related worry was measured using a single item adapted from the HINTS: ''If you received these results, to what extent would you feel worried about developing colon cancer?'' A 5-point Likert-type response scale was used, with the endpoints labeled not at all and extremely.
Perceived credibility of risk information was measured by 2 items (a = :862) developed by our team: 1) ''How accurate do these results seem to you?'' and 2) ''How much would you trust the results of a computer program like this?'' Five-point Likert-type response scales were used for both items, with their respective endpoints labeled not at all accurate and very accurate, as well as not at all and completely. Responses to these 2 items were averaged.
Dispositional optimism was measured using the 3-item Optimism subscale (a = :887) of the Life Measures repeated in all participants before (pre-) and after (post-) provision of comparative risk information Orientation Test, 36 which consists of items such as, ''In uncertain times, I usually expect the best.'' A 5point Likert-type response scale was used, with responses ranging from strongly disagree to strongly agree. Responses to these 3 items were averaged. Numeracy was measured using the 3-item scale developed by Schwartz and others. 37 Scale items assessed computational skills (e.g., ''In the BIG BUCKS LOTTERY, the chance of winning a $10 prize is 1%. What is your best guess about how many people would win a $10 prize if 1000 people each buy a single ticket to BIG BUCKS?''). The number of correct responses was tabulated to create a summary score.
Statistical Analysis
In experiment 1, we conducted multivariate analyses of variance (MANOVAs) to assess the extent of ambiguity aversion and to identify potential moderating and mediating factors. Perceived cancer risk and cancer-related worry (ascertained prior to provision of comparative risk information) were the dependent measures, and ambiguity and representational format were between-subjects factors. Dispositional optimism and numeracy were included as cofactors in the model to assess their main effects and any interactions that would suggest a moderating effect on ambiguity aversion; because scores of each factor were highly skewed, and to aid in interpretability, these variables were dichotomized by median split. A separate analysis of variance (ANOVA) was conducted, with perceived credibility as the dependent measure, to test its potential mediating role; if the analyses showed a significant association between ambiguity and perceived credibility (the hypothesized mediator), we planned to further assess for mediation using the method of Baron and Kenny. 38 To assess how the communication of ambiguity influences the effect of comparative cancer risk information, we used repeated-measures MANOVA, with perceived cancer risk and cancer-related worry as the dependent measures, ambiguity and representational format as between-subjects factors, and comparative risk information as the within-subjects factor.
In experiment 2, 1-way MANOVAs were conducted, with perceived cancer risk and cancer-related worry as the dependent measures and representational format as the between-subjects factor. Dispositional optimism and numeracy were included as cofactors in the model.
RESULTS

Sample Characteristics
Experiment 1 had a total of 240 participants from all geographic regions of the United States. The mean age was 52 years (range, 40-74 years), and nearly equal numbers of men and women were enrolled; approximately 10% identified themselves as nonwhite/Caucasian. The educational level of participants was unexpectedly skewed toward lower education; 74% reported a highest achieved level of high school diploma/GED or less. Numeracy scores ranged from 0 to 3 (mean = 1.3, median = 1); the proportion of respondents with 0, 1, 2, and 3 correct responses was 22.9%, 33.8%, 33.8%, and 9.6%, respectively. Thus, the sample was relatively low in numeracy. Experiment 2 had a total of 135 participants with a mean age of 54 years (range, 40-74 years); approximately 8% identified themselves as nonwhite/Caucasian, and 26% were in the low education group. Numeracy scores ranged from 0 to 3 (mean = 1.4, median = 1); the proportion of respondents with 0, 1, 2, and 3 correct responses was 18.1%, 34.7%, 31.9%, and 15.3%, respectively (for all subsequent analyses, the numeracy variable was therefore dichotomized by median split into 2 categories: 0-1 v. 2-3). There were no significant differences in sociodemographic characteristics between any of the experimental groups.
Ambiguity Aversion: Extent and Effect Modifiers
In experiment 1, the primary MANOVA to assess the extent and potential moderators and mediators of ambiguity aversion showed a significant main effect of ambiguity (Wilks's l = :97, Fð3, 230) = 3.54, P = 0:03). Univariate ANOVAs for individual dependent variables revealed that the main effect of ambiguity emerged on cancer-related worry (F (1, 231) = 5.19, P = 0:02); ambiguity was associated with higher worry, consistent with ambiguity aversion. However, there was no significant main effect of ambiguity on perceived risk. There were also no significant main effects of representational format, dispositional optimism, or numeracy on perceived risk or worry.
More importantly, there were significant interactions between ambiguity and representational format (Wilks's l = :96, Fð2, 230) = 4.52, P = 0:01), and between ambiguity and dispositional optimism (Wilks's l = :97, Fð2, 230) = 3.39, P = 0:04). The Ambiguity × Representational Format interaction was significant for both perceived cancer risk (F (1, 231) = 9.08, P = 0:003; Figure 3 ) and cancer-related worry (F (1, 231) = 3.86, P = 0:05). The Ambiguity × Dispositional Optimism interaction was significant for cancer-related worry (F (1, 230) = 6.79, P = 0:01; Figure 4 ) and borderline significant for perceived cancer risk (F (1, 230) = 3.31, P = 0:07). Use of the textual representational format and low dispositional optimism were each associated with ambiguity aversion (higher perceived risk and/or worry with the range than with the point estimate), whereas use of the visual representational format and high dispositional optimism were each associated with ambiguity tolerance (lower perceived risk and worry with the range than with the point estimate). The direction of the interaction was consistent with our hypotheses for dispositional optimism but opposite to predictions for representational format in that we expected more ambiguity aversion in response to the visual representation. There was no significant interaction between ambiguity and numeracy, contrary to our hypothesis.
The ANOVA examining the relationship between ambiguity and the perceived credibility of the information showed no significant main effect, contrary to our hypothesis of a mediating effect of this variable on ambiguity aversion.
Effect of Communicating Ambiguity on Responses to Comparative Risk Information
The repeated-measures MANOVA to assess responses to ambiguity following the provision of comparative cancer risk information showed between-subjects effects of ambiguity similar to those observed prior to the provision of comparative risk information, although they were stronger and their pattern was more consistent. Once again, there was a significant main effect for ambiguity (Wilks's l = :96, Fð2, 227) = 4.18, P = 0:02) and a significant interaction between ambiguity and dispositional optimism (Wilks's l = :95, Fð2, 227) = 6.37, P = 0:002), such that high optimism was associated with ambiguity tolerance. Furthermore, univariate ANOVAs assessing levels of the dependent variables following provision of comparative risk information showed a main effect not only on cancer-related worry (F (1, 229) = 8.21, P = 0:005) but on perceived cancer risk (F (1, 229) = 4.86, P = 0:03). The previously observed Ambiguity × Dispositional Optimism interaction was likewise significant both for cancer-related worry (F (1, 229) = 15.39, P < 0:001) and perceived cancer risk (F (1, 229) = 6.83, P = 0:01).
Within subjects, there was a significant main effect of the provision of comparative risk information (Wilks's l = :85, Fð2, 227) = 19.90, P < 9:001) and a 3-way interaction among comparative risk information, ambiguity, and representational format (Wilks's l = :92, Fð2, 227) = 9.41, P < 0:001). Overall, the provision of comparative risk information itself was associated with a significant increase in perceived cancer risk (t = 6:66, P < 0:001). However, ambiguity and representational format each moderated this effect; to illustrate the direction and magnitude of the 3-way interaction, we conducted ANOVAs on the change score or difference in perceived risk before and after provision of comparative risk information. These showed a significant interaction between ambiguity and representational format (F (1, 232) = 15.67, P < 0:001). Figure 5 illustrates that the increase in perceived risk following provision of comparative risk information was highest when a textual point estimate was used to represent individual risk and relatively low when risk estimates were either communicated as a range or represented visually. Post hoc tests showed that the change score for the textual point estimate differed significantly from the change scores of the 3 other conditions-which did not differ from each other. In other words, both the communication of ambiguity and the use of visual representational formats blunted the observed increase in perceived risk following the provision of comparative risk information.
Responses to Enhanced Representational Formats for Communicating Ambiguity
In experiment 2, the primary MANOVA to assess differences in responses to the novel enhanced representational formats for communicating ambiguity revealed no significant main effects of representational format; respondents exposed to the text-only and integrated textual + visual representations did not significantly differ in their perceptions of risk or in cancer-related worry. There were no significant interactions with dispositional optimism or numeracy. Furthermore, there were no significant associations between representational format and the perceived credibility of the information, the hypothesized mediator.
DISCUSSION
In this study, we examined laypersons' responses to the communication of uncertainty, focusing on ambiguity related to imprecision regarding individualized colorectal cancer risk estimates. We tested, using a real-world disease problem and risk application prototype, the theory-and evidence-based hypothesis that communicating ambiguity would lead to ambiguity aversion, manifest as heightened perceptions of risk and cancer-related worry. We obtained findings that have several implications for risk communication research and for the development and use of disease risk prediction models for educational and clinical purposes.
First, the data suggest that communicating ambiguity regarding cancer risk estimates does lead to ambiguity aversion, although its effects appear to be more affective than cognitive, causing heightened cancer-related worry while having smaller and nonsignificant effects on risk perceptions. These effects, furthermore, do not appear to be mediated by the perceived credibility of the risk information, contrary to our hypotheses.
Our findings also suggest that ambiguity aversion is a highly moderated phenomenon; specifically, optimism and the use of visual communication methods both reduce ambiguity aversion, whereas numeracy appears to have no significant influence. These moderating factors may account for the relatively small main effects observed in our study, as well as inconsistencies in the findings of previous studies, 13;18;19;39;40 most of which have not accounted for moderators of ambiguity aversion.
These findings yield insights regarding the potential mechanisms of ambiguity aversion and tolerance. The moderating influence of optimism is consistent with evidence from our prior qualitative work 9 and a study by Highhouse 41 and suggests the influence of personality characteristics in determining the extent to which people selectively attend to optimistic rather than pessimistic extremes in interpreting the meaning of a risk range. The other moderating influence of visual representational format, not previously reported in the literature, was opposite to our predictions and may also relate to the capacity of visual representations to focus people's attention to specific aspects of risk information. 25;28 In the case of ambiguity, visual representations may differentially draw attention to the lower end of the risk range, enabling people to downplay the threat associated with the risk estimate. This may be particularly true among individuals who are temperamentally optimistic.
Yet the null results of the second experiment suggest that the differential effects of visual and textual representational formats may be modifiable and attributable to the content or amount of information provided. Enhancing the text-only representation to explicitly reinforce the conceptual meaning of imprecision diminished the differences in people's responses to textual v. visual representations of imprecision. This suggests that the critical determinant of these differential effects may not be the representational format per se but rather the conceptual content or amount of information on ambiguity that different representations convey. Enhancing these informational aspects may enable textual representations to be as effective as visual representations at drawing attention to the lower end of the risk range. These explanations are speculative, however, given that we did not ascertain participants' perceptions and understanding of ambiguity in response to different communication formats. For these reasons, we also cannot determine the true value of using newer visual representations such as those developed in our study, particularly for individuals with low literacy or numeracy-for whom visual means of communicating risk information may be particularly effective in improving understanding. 23;30 The other novel finding of our study was the moderating effect of both ambiguity and representational format on responses to comparative risk information. Both the communication of ambiguity and use of visual representational formats appear to ''debias'' people's responses to comparative risk information, dampening the heightened risk perceptions that can occur even when people's absolute risks are low. 34 This finding has not been previously reported, and its mechanisms are not clear. It could conceivably reflect a demand effect resulting from our sequential presentation of comparative risk information. However, our finding of an overall within-subjects increase in perceived risk is consistent with previous studies of the effects of comparative risk information, 34 and a demand effect would not explain the observed differences in risk perceptions between participants in the 2 ambiguity groups (present and absent). It remains to be shown whether these differences were due to the depiction of ambiguity regarding the individual's risk estimate, the population average risk, or both, and whether the underlying cause relates to differential attention to or processing of particular elements of the information, heightened informational complexity and cognitive load, or other mechanism. Further research is also needed to determine whether the same effects would have been observed had the individual's risk estimate been lower instead of higher than average. It is also not clear why we did not observe an additive effect of ambiguity and visual communication in dampening the response to comparative risk information ( Figure 5 ); this may suggest the presence of other unmeasured effect modifiers that need to be identified.
Although these and other important questions remain regarding the effects of communicating ambiguity and the mechanisms of ambiguity aversion, our preliminary findings have several important practical implications. In the real world, risk communication efforts are complex and typically integrate multiple types and elements of information that are often communicated through multiple means, jointly or in sequence, and have a variety of interrelated effects. We have focused on only a few of these elements, means, and effects; however, our data suggest that communicating ambiguity visually not only reduces ambiguity aversion but also judgmental biases in response to comparative risk information. Our data also suggest that enhancing and integrating textual representations of ambiguity do not increase and may actually reduce ambiguity aversion.
However, efforts to communicate ambiguity ultimately need to be evaluated according to their effectiveness in enhancing patients' understanding of the concept, and we did not assess this outcome in the current study. Other limitations also qualify our findings. First, our experiments used hypothetical risk information and ascertained participants' anticipated-rather than ''real''-perceptions in response to actual risk estimates; this limits the generalizability of our findings. Notably, however, this limitation also applies to much of the existing experimental research on health risk communication. Basing our experimental intervention on an existing disease risk calculator also enhanced its realism and supports the applicability of our findings for health communication efforts.
Our study sample also consisted of Web survey panel members who may not be representative of the general population, and in our first experiment, lower education participants were disproportionately represented as a result of our efforts to oversample this group. This raises further questions about the generalizability of our findings and the comparability of results between our experiments; however, it is also notable that-contrary to predictions-we did not observe a significant interaction between numeracy and ambiguity aversion in either experiment. Our study may not have had sufficient power to detect this interaction; nevertheless, our data suggest that any potential moderating effect of education level or numeracy on responses to ambiguity is likely small. Further research is needed to confirm and determine the reasons for our findings.
We also did not examine the effects of communicating ambiguity at other levels of riskparticularly higher levels (>50%)-or ambiguity, although these conditions may influence people's responses to ambiguity and the factors that moderate or mediate these responses. 13;42 We also assessed a limited range of outcomes and outcome mediators, in relatively limited fashion. For cancerrelated worry, we used a single-item measure, although the item was adapted from a widely used national survey for which it also represented the sole cancer worry measure, and single-item measures of this construct have been shown to predict behavioral outcomes such as cancer screening. 43;44 However, we used a new and unvalidated measure for the construct of informational credibility, and this could account for our finding of no association between this hypothesized mediator and the communication of ambiguity. This null finding needs to be confirmed, and more research is needed to identify the factors that mediate ambiguity aversion.
Despite these limitations, the current study provides important new insights about the effects, theoretical mechanisms, and practical implications of communicating ambiguity through different means. Ambiguity aversion is complex and likely moderated by numerous factors, including dispositional optimism and the method of communication. Different textual and visual methods evoke varying degrees of ambiguity aversion, and our study sheds initial light on the reasons. Our preliminary findings have practical value in characterizing the outcomes that can be anticipated when ambiguity is communicated and in identifying communication strategies that might minimize ambiguity aversion and other judgmental biases that limit people's understanding of risk and uncertainty. In the final analysis, it is this understanding that needs to be measured and improved in future research and health communication efforts.
